The VMM1 ASIC was designed for use with Micromegas and Thin Gap Chambers (TGCs) for ATLAS Upgrade. It features a range of gains and peaking times to allow use with other types of micropattern gas detectors as well. It incorporates several innovative features to allow operation in a fast trigger mode in the ATLAS Level 1 trigger as well as in a time projection mode (µ-TPC mode) for precision track reconstruction. The VMM1 also features smart token passing reading out only those channels above threshold and the first-order neighbors in order to reduce the bandwidth and increase the potential for new physics.
Flexible Functionality of the VMM1
• Selectable Gain • The nominal gain value has the option of 0.5, 1, 3, and 9 mV/fC to accommodate the needs of different applications.
• Selectable Peaking Time
• The Peaking Time or integration time can be selected from the following options: 25 ns, 50 ns, 100 ns, and 200 ns.
• Adjustable TAC slope
• The time-amplitude-conversion (TAC) slope can be adjusted according to 125 ns/V, 250 ns/V, 500 ns/V and 1µs/V.
• Neighbor Readout
• There is an option to read out the 2 neighboring channels of a channel with a signal over threshold. In the case the neighbor channel is read out by a neighboring VMM1, the information is passed to that ASIC and the neighbor channel signal is acquired.
• Smart Token Passing
• This feature allows only the signals above threshold to be read out reducing bandwidth requirements.
• Fast Trigger Readout
• The Address in Real Time (ART) reads out the address of the first channel with a signal hit for fast trigger applications.
• Timing Mode
• The Time-over-Threshold (ToT) and the Time-to-Peak (TtP) can be read out of the analogue monitor for the first and last eight channels.
• Threshold Trimming
• The threshold of each channel may be trimmed by approximately 15 mV in order to equalize channel-to-channel variation.
• Sub-Hysteresis
• The fast comparator introduces a hysteresis on the threshold of approximately ±10 mV. The Sub-Hysteresis counteracts this by adjusting the threshold level before and after peak detection. (See Sub-Hysteresis section.) • Internal Pulser
• An internal pulser was incorporated into the VMM1 for testing purposes.
The first version of the VMM has timing output on 16 channels. There are two modes of operation Time-over-Threshold (ToT) and Time-to-Peak (TtP).
The time is measured by charging a capacitor at a specific rate given by the Time-Amplitude-Conversion (TAC) slope from the time the peak is detected until the signal is read out as shown in Figure 2 . The TAC slope has several settings to accommodate different applications depending on the signal integration time. In the figure below on the left the TDO response shows a timing resolution of 0.04 ns for nominal gain = 0.5 mV/fC, peaking time = 25 ns, and TAC = 125 ns/V.
The threshold inherently has some channel to channel variation. A threshold trim was included in the VMM1 design to equalize thresholds by allowing each individual channel to be trimmed by approximately 0-15 mV. The threshold was measured by varying the input amplitude and counting the percent of signals that were returned by the acquisition at each input amplitude resulting in an S-curve or turn-on curve. The mid-point of the turn-on gives the threshold for a particular channel. The figure below on the left shows the variation in the threshold channel by channel. The plot to the right demonstrates the range of the trim for 5 channels. In version 1 of the VMM the trim range is not sufficient to equalize all channels, but will be corrected in the second version.
• The first version of the VMM was very successful! The fast comparator introduces a hysteresis, which effectively raises the minimum threshold by approximately 10 mV. The sub-hysteresis was introduced to compensate for this effect by moving the threshold level so that it triggers close to the baseline and resets after the peak is detected. See the diagram in Figure 8 . The time-walk measures the jitter of the time the peak is detected as the signal amplitude is varied. Ideally, the time is independent of the signal amplitude. In the figure on the left the time-walk is shown for the VMM1 and of the order of 1 ns. 
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